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[57] ABSTRACT
An InGaAsP laser structure having a support structure
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which contains an equal number of buffer layers and
substrate layers is provided. The buffer layers of the
support structure drastically reduce the tensile stress in
the active layer, thereby eliminating the occurrence of
undesired TM emission during normal operation. The
semiconductor laser device of the present invention
comprises: a support structure having one or more sub-
strate layers and one or more buffer layers, the support
structure containing an equal number of substrate layers
and buffer layers, the substrate layers consisting of InP,
the buffer layers consisting of In;_ »Gay As, Py _, with
x'=0.47y" and 0<y'=1, one of the substrate layers pro-
viding the lower surface of said semiconductor laser
device; a first cladding layer of InP formed on the ex-
posed buffer layer of the support structure; an active
layer formed on the first cladding layer, the active layer
consisting of Inj.,GayAsyPj_, with x=~047y and
y=y'=1 and a second cladding layer of InP formed on
the active layer; and a cap layer of Inj_,"Ga,.
‘AsyP1_p with x""'=0.47y" and 0< y"" =1 formed on the
second cladding layer; the buffer layers, first cladding
layer, active layer, second cladding layer, and cap layer
being substantially perfectly lattice-matched with the
substrate layers at the growth temperature. Preferably,
the buffer layers consist of Ings53GAg47AsS.

2 Claims, 11 Drawing Figures
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POLARIZATION STABILIZED INGaAsP/INP
LASERS

CROSS REFERENCE TO RELATED
APPLICATION

U.S. patent application Ser. No. 683,776 by Liu and
Chen filed on even date herewith for Fast-Polarization-

Switchable Semiconductor Lasers which discloses re-
lated subject matter.

BACKGROUND OF THE INVENTION

Conventional InGaAsP/InP laser structures, includ-
ing the planar buried heterostructure and the buried
crescent heterostructure, consist of a thin InGaAsP
active layer sandwiched between InP cladding layers
on a thick InP substrate. In these structures, the internal
stress, caused by lattice mismatch and the differential
thermal expansion, exists mostly in the thin InGaAsP
active layer. The stress is larger for lasers operating at
longer wavelengths because of a larger compositional
mismatch between the active layer and the surrounding
InP layers, which results in a larger difference in the
thermal expansion coefficients. Under usual liquid
phase epitaxial (LPE) growth conditions, this stress
tends to be tensile along the junction plane (ox>0) at
room temperature.

5

10

15

20

25

In U.S. patent application entitled “Fast Polarization-

Switchable Semiconductor Lasers”, Ser. No. 683,776
by Liu and Chen, filed concurrently herewith, a net
tensile stress on the order of 108 dyn/cm? is created in
the active layer of a semiconductor laser to induce suffi-
cient lattice deformation to promote a TM mode gain
large enough to compete with the normal operating TE
mode which allows the polarization of the laser output
to be switched by varying injection current level. In
various applications for the InGaAsP laser, the exis-
tence of net tensile stress in the active layer produces
undesirable characteristics. For example, an InGaAsP-
/InP laser may change polarization with environmental
temperature changes due to thermal stress in the active
layer. In fact, InGaAsP/InP lasers are observed to op-
erate in a mixture of TE and TM modes at room tem-
- perature under normal operating conditions. Further-
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more, at high injection currents, kinks in the power-cur- 45

rent characteristics associated with the appearance of
higher order TM modes are observed in some In-
GaAsP/InP lasers. These kinks are caused by a combi-
nation of several effects. However, the stress in the
active layer intensifies the problem. This problem is
very important for InGaAsP/InP lasers operating in the
wavelength range from 1.3 um to 1.55 um for optical
communications. These problems do not exist in con-
ventional AlGaAs/GaAs lasers with thin active layers
because of their structural differences. The thermal
stress in the active layer of an AlGaAs/GaAs laser
induced by the thin cladding layers is compressive in
the wavelength range from 8000 to 8500 Angstroms.
Such compressive stress enhances the gain of the TE
mode. In the longer wavelength range, the stress be-
comes tensile. However, the stress in the active layer of
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an AlGaAs/GaAs laser is always largely offset by the

thick GaAs substrate whose composition is similar to
that of the active layer.

SUMMARY OF THE INVENTION

In accordance with the present invention there is
provided an InGaAsP laser structure having a support

65
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structure which contains an equal number of buffer
layers and substrate layers. The buffer layers of the
support structure drastically reduce the tensile stress in
the active layer, thereby eliminating the occurrence of
undesired TM emission during normal operation. When
the thicknesses of the buffer layer and the substrate
layer are optimized, the active layer can be stress-free at
all temperatures. This is a very significant improvement
as the laser will no longer exhibit polarization instabili-
ties caused by environmental temperature changes and-
/or mjection current changes. Release of the stress in
the active layer will also increase the life expectancy
and lower the threshold current of the laser. The In-
GaAsP laser structure of the present invention addition-
ally allows fine tuning, after growth of the entire wafer,
to achieve the stress-free condition by thinning the
substrate to an optimal thickness.

In accordance with the present invention, there is

provided a semiconductor laser device comprising:

a support structure having one or more substrate
layers and one or more buffer layers, said support
structure containing an equal number of substrate
layers and buffer layers, said substrate layers con-
sisting of InP, said buffer layers consisting of
In) _xGayAsyP1_y with x'~0.47y’ and O<y' =1,
one of said substrate layers providing the lower
surface of said semiconductor laser device and one
of said buffer layers providing the upper surface of
said support structure;

a first cladding layer of InP formed on said upper
surface of said support structure;

an active layer formed on said first cladding layer,
said active layer consisting of Inj_,GaxAs,Pi_,
with x=0.47y and y=y' =1,

a second cladding layer of InP formed on said active
layer; and

a cap layer of Inj_x"Gay"AsyPy_ with x"'~0.47y"
and 0<y"=1 formed on said second cladding
layer,

- whereln said buffer layers, said first cladding layer, said

active layer, said second cladding layer, and said cap
layer are substantially perfectly lattice-matched with
said substrate layers at the growth temperature. Prefera-
bly, the buffer layers consist of Ing s53Gag47As.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a representation of a typical conventional
InGaAsP/InP laser device;

FIG. 1(b) 1s a representation of a typical conventional
AlGaAs/GaAs laser device.

FIG. 2 shows the active layer stress at room tempera-
ture, at 20° C., for the structures of typical conventional
InGaAsP/InP and AlGaAs/GaAs as a function of the
As content, y, in the active layer of the InGaAsP/InP
structure and the Al content, y, in the active layer of the
AlGaAs structure, respectively; assuming perfect lat-
tice-match of all layers at the growth temperature (650°
C. for InGaAsP/InP and 900° C. for Al1GaAs/GaAs).

FIG. 3(a) is a representation of an InGaAsP/InP
laser device in accordance with the present invention
with a support structure having a single substrate layer
and a single buffer layer.

FIG. 3(b) is a representation of a buffered InGaAsP-
/InP laser device in accordance with the present inven-

‘tion with a support structure having more than one

substrate layer and more than one buffer layer.
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FIG. 4 shows active layer stress at room temperature
for a laser at 1.3 um (y=0.6) with a structure in accor-
dance with the present invention as a function of the
substrate thickness, d;, for several thicknesses of the
buffer layer, ds.

FIG. 5 shows the temperature dependence of the
active layer stress for lasers at 1.3 um which have the
typical conventional InGaAsP/InP structure (curve

(a)) and the InGaAsP/InP structure of the present in-
vention with a single buffer layer and single substrate

layer, (curve (b)).

FIG. 6 shows active layer stress at room temperature
for a laser at 1.3 um (y=0.6) with the structure of the
present invention shown in FIG. 3(¢), as a function of {5
the buffer layer thickness, dp, for various substrate
thickness, d;.

FIG. 7 shows active layer stress at room temperature
for a laser at 1.08 um (y=0.3) with the structure of the
present invention shown in FIG. 3(q), as a function of 20
the buffer layer thickness, dp, for various substrate
thickness, d;.

FIG. 8 shows active layer stress at room temperature
for a laser at 1.55 um (y=0.9) with the structure of the
present invention shown in FIG. 3(a), as a function of 2>
the buffer layer thickness, dp, for various substrate
thickness, d;.

FIG. 9 shows expected optimal relationships between
the thicknesses of the buffer layer and the substrate for
the stress-free condition for (2) 1.3 um (b) 1.08 um (c) 30
1.55 um structures with an InGaAs buffer layer, and (d)
a 1.3 um structure with an Ing.74Gag.26As0.60P0.40 buffer
layer. Each pair of traces shows a stress tolerance of
+107 dyn/cm?.

For a better understanding of the present invention,
together with other and further objects, advantages and
capabilities thereof, reference is made to the following
disclosure and appended claims in connection with the
above-described drawings.

DETAILED DESCRIPTION OF THE
INVENTION

It is generally true for conventional buried heteros-
tructure lasers that the laser cavity length is from about
50 to 100 times larger than the active region stripe
width. The cavity length is usually at least 50 pm. The
stress problem in the conventional structure can be
reduced to a one-dimensional problem. FIG. 1(a) repre-
sents the multilayer structure of a typical conventional
InGaAsP/InP laser. The typical conventional In-
GaAsP/InP laser includes an n-InP subsirate 10, an
n-InP first cladding layer 12, an In;-xGaxAsyP 1—y
active layer 14, a p-InP second cladding layer 16, and an
In; —xGaxAsyP1_ycap layer 18. In a typical convention
InGaAsP/InP structure, the n-InP substrate 10 has a
thickness, ds, of 80 um; the n-InP first cladding layer 12
has a thickness, d¢), of 1 pm; the Inj_xGaxAsyPi_y
active layer 14 has a thickness, dg, of 0.2 um; the p-InP
second cladding layer 16 has a thickness, de2, of 1 um;
and the Inj _xGayxAs,P1_y cap layer 18 has a thickness,
d;, of 1 um. However, these thicknesses may be varied.

Assuming perfect lattice-match of the layers at the
growth temperature, Tg, the stress in the active layer at
the device operation temperature, T, caused by thermal
strain in the multilayer structure of FIG. 1(a) can be
expressed by
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AcAT +

1
T(dS'l—dcl—“dc _df)} :

5

3 ﬁﬂﬁT{(ds + do)dg + di) + dea(dy — dﬂ)};

wherein -}l?- =

E is the Young’s modulus; v is the Poisson’s ratio; Aa-
—=aInGaAsP—aInP, which is the difference of thermal
expansion coefficients of the active layer and substrate;
AT =T-Tg, which is the difference between the de-
vice operation temperature, T, and the growth tempera-
ture, Tg; d is the overall thickness of the device; dsis the
thickness of the substrate; d.j is the thickness of the first
cladding layer; d, is the thickness of the active layer;
d.2 is the thickness of the second cladding layer; d;1s the
thickness of the cap layer. For the purpose of these
calculations, it is assumed that the composition of the
cap layer is the same as the composition of the active
layer. Throughout the following analysis the growth
temperature is chosen to be 650° C., and the difference
between the room temperature and the growth temper-
ature to be —630° C. The literature reports thermal
expansion coefficients for Inj_,GaxAs,Pi_, lattice-
matched to InP for compositions wherein y=0, 0.6, and
1. The thermal coefficients are a=4.56X10—6/°C. for
InP (y=0), a=5.42x10-6/°C. for Ing74Gag.
26AS80.60P0.40 (y=0.6, A=1.30 L), and
a.=5.66x 10—96/°C. for Ing 53Gag 47As (y=1). For other
compositions, a (y)=(4.56+1.266y) X 10—6/°C., vary-
ing linearly with y. The Young’s modulus, E, varies
only slightly with y. The calculations are based upon a
(100) substrate and a  constant  effective
(E/1 —v)(100)=9.487 X 1011dyn/cm?, where v is the
Poisson’s ratio. The positive values of the stress oyxx In
the active layer are tensile along the junction plane,
which corresponds to a negative lattice mismatch and a
lattice deformation in the active layer with a lattice
constant normal to the junction smaller than that along
the junction.

In order to grow good epitaxial layered structures for
laser devices, it is crucial to control the liquid phase
epitaxial (ILPE) growth conditions so that there 1s close
to perfect lattice-matching between the layers of the
laser device at the growth temperature (typically 600°
C. to 650° C.). Because the Inj_xGaxAs,P;_y material
has a larger thermal expansion coefficient than that of
InP, it is possible to have perfect lattice-match and
stress-free conditions for the conventional device at
only one temperature in the temperature range between
the growth temperature and the device operation tem-
perature. The upper part of FIG. 2 shows the siress oxx
at room temperature for the structure in FIG. 1(g) as a
function of the As content, y, in the active layer, assum-
ing perfect lattice-matching at the growth temperature
650° C. If a lower temperature between the growth and
the device operation temperatures is chosen for perfect
lattice-match, as is usually done to compromise the
lattice-matching requirements at the two extreme tem-
peratures, the tensile stress in the active layer can be

reduced linearly.
FIG. 1(b) represents the multilayer structure of a

typical conventional AlGaAs/GaAs laser. The typical
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conventional AlGaAs/GaAs laser includes an n-GaAs
substrate 20, an n-AlyGa)_xAs cladding layer 22, an
AlyGai—pAs active layer 24, a p-AlGaj_As cladding
layer 26, and a GaAs cap layer 28.

Following is a stress analysis for a typical conven-
tional AlGaAs/GaAs laser having an n-GaAs substrate
20 with a thickness, d;, of 80 um, an n-Al,Gaj_xAs
cladding layer 22 with a thickness, d¢; of 1 um, an Al,.
Gaj—yAs active layer with a thickness, d, of 0.2 um, a
p-AlyGaj_xAs cladding layer 26 with a thickness, d.»,
of 1 um, and a GaAs cap layer 28 with a thickness, d,,
of 1 um. However, these thicknesses may be varied. For
the purpose of comparison, the thicknesses of the Al-
GaAs/GaAs structure used in the stress analysis are
- chosen to be the same as the corresponding layer thick-
ness used above in the stress analysis for the InGaAsP-
/InP laser structure. This stress analysis for the typical
conventional AlGaAs/GaAs laser structure is provided
to show the difference between the stress in the typical
conventional InGaAsP/InP laser and the typical con-
ventional AlGaAs/GaAs laser. Because GaAs and
AlAs have a perfect lattice-match at 900° C., the Al-
GaAs/GaAs structure is always grown perfectly lat-
tice-matched at the growth temperature. With the

growth temperature equal to 900° C., the difference
between the growth temperature and the room temper-

ature 1s approximately —880° C. The known thermal
expansion coefficients are a=6.78Xx10—-6/° C. for
GaAs, and a=5.2X10-%/° C. for AlAs. For ternary
compositions, Al;Gaj_,As, a linear function
a(y)=(6.78—1.58y) x10—6/° C. is expected and as-
sumed. A (100) GaAs substrate and a constant effective
(E/1—v)(100)=12.39X 10! dyn/cm? is also assumed
throughout the following stress analysis for the typical
AlGaAs/GaAs laser structure. The composition differ-
ence between the cladding layers (AlyGaj_xAs) and
the active layer (Al,Gaj_yAs) is kept at x—y=0.25.
The calculated stress, oy, at room temperature for the
AlGaAs/GaAs structure of FIG. 1(b) is shown in the
lower part of FIG. 2 as a function of the aluminum
content, y, in the active layer. Substantial differences
between the InGaAsP/InP and the AlGaAs/GaAs
structures can be seen in the active-layer stresses in
FIG. 2. The differences between the active layer
stresses of the two types of laser devices are due to the
relationship among the layers in the two structures. In
the InGaAsP/InP structure, most of the stress is in the
active layer, whereas most of the stress in the AlGaAs/-
GaAs structure exists in the cladding layers rather than
in the active layer. Therefore, a typical AlIGaAs/GaAs
laser 1s not subject to the problem of stress-induced
polarization instabilities.

The InGaAsP/InP laser device of the present inven-
tion contains a buffer layer disposed between a substrate
layer and the first cladding layer, which underlies the
active layer. The device of the present invention must
have buffer layer(s), cladding layers, an active layer,
and a cap layer which are substantially perfectly lattice-
-matched with the substrate layer(s) at the growth tem-
perature. That is the lattice deformation in the device
should be =A%a~10-5 In order for Inj_,Ga,.
AsyP1_j to be lattice-matched to InP, the following
relationship must exist between x and y for any Inj_,.
GaxAsyP1_, composition:

0.1894

* = 704184 — 0.013y
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and 0=y=1; and more simply x=0.47y and 0=y =1. S.
Adachi, J. Appl. Phys. 53, 8775 (1982). Two embodi-
ments of InGaAsP/InP laser device in accordance with
the present invention are represented in FIGS. 3(a) and
3(b). The device of the present invention represented in
FI1G. 3(a) comprises a support structure 30 having one
n-InP substrate layer 31, and one Inj_ xGayAsyP_
buffer layer 32 in which x'=~0.47y’ and 0=y'=1, the
substrate layer forming the lower surface of the laser
device; a first cladding layer consisting of n-InP 34, an
active layer of Iny_xGayAsyP;_, 36 in which x 0.47y
and 0<y=y'=1, a second cladding layer consisting of
p-InP 38, and a cap layer consisting of Inj_"Gay.
'Asy'P1_y 40 in which x""=0.47y" and O0<y”"=1. The
cap layer usually has the same composition of the active
layer. Although it is not necessary for the composition
of the active layer and the cap to be the same. The
forbidden bandgap of the buffer layer should be less
than or equal to the forbidden bandgap of the active
layer which in turn should be less than the forbidden
bandgap of the InP cladding layers.

An alternative embodiment of the present invention is
shown in FIG. 3(4). The device shown in FIG. 3(b) has
a support structure 41 having more than one substrate
layer and more than one buffer layer, the number of
buffer layers being equal to the number of substate lay-
ers. When the support structure has 1 buffer layer and 1
substrate layer, the layers must be alternating with a
layer of substrate forming the lower surface of the laser
device. The device shown in FIG. 3(b) comprises a first
InP substrate layer 42, a first In; _»Gay AsyP1_ buffer
layer 44 with x’ 0.47y’ and 0<y'=1, a second InP sub-
strate layer 46, and a second In;_»GayAs,P_, buffer
layer 48 with x'=~0.47y’ and O<y'=1. A first cladding
layer of n-InP 50 1s formed upon the second buffer layer
48 of the alternating buffered substrate 41. The Inj_,.
GaxAsyP1_yactive layer 52 in which x~0.47y and 0 < y-
=y’'=1 is sandwiched between the first cladding layer
50 and a second cladding layer of p-InP 54. The second

cladding layer 54 is topped with a cap layer of Inj_ .

"GaxAsy"P1_,7 56 in which x"'=0.47y"” and O<y"=1.
Again, the cap layer usually has the same composition
as the active layer, although it is not necessary for the
compositions of the cap layer and active layer to be the
same. The alternating buffered substrate support struc-
ture 41 could further contain additional alternating
substrate and buffer layers.

Assuming perfect lattice-match of the layers at the
growth temperature, Tg, the stress in the active layer at

the device operation temperature, T, caused by thermal

strain in the multilayer structure of FIG. 3(¢) can be
expressed by

ds + dc) + d d
o xx = lfv{—-—-—--——-" T AaAT + = AC'AT +
%‘(ds“l‘db-f'dcl—dﬂ—dr)}r -
where 7 = 22 {{dddp + dg + d) — delder + dea) +

dei{dg + dp) — dea(dy — d)JAa +

dp(ds — dpy — dg — de3 — dr)ﬁﬂ'}:
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E is the Young’s modulus; v is the Poisson’s ratio;
Aa=a;—as=a (active layer)—a (substrate); Aa’'=ap.
—ag=ca(buffer layer)—a(active layer);
AT=T—Tg,which is the difference between the device
operation temperature, T, and the growth temperature,
Tg, d is the overall thickness of the device; d;s 1s the
thickness of the substrate; dp is the thickness of the
buffer layer; d.; is the thickness of the first cladding
laver; dg is the thickness of the active layer; d. 1s the

thickness of the second cladding layer; d, is the thick-
ness of the cap layer. For the purpose of calculating the

stress in the active layer of the multilayer structure of
FIG. 3(b), the total of the thicknesses of the individual
buffer layers is equivalent to ds and the total of the
individual InP substrate layers is d;. By defining dp and
d, for the alternating structure design in this manner, the
above formulas can be used to calculate the stress in the
active layer. The thicknesses of the cap layer, the first
and second cladding layers, and the active layer 1n the
laser device of the present invention are similar to the
thicknesses of the corresponding layers in typical In-
GaAsP/InP laser devices. For example, the thickness of
the cap layer, d,, is typically selected to be greater than
0 wm, but less than or equal to =1 pum; the thickness of
the first cladding layer, d.; is selected typically to be
greater than or equal to about 1 pum, but less than or
equal to about 3 um; the thickness of the second clad-
ding layer, d.2, is typically selected to be greater than or
equal to about 1 um, but less than or equal to about 3
um; and the thickness of the active layer, dg, is typically
selected to be greater than or equal to about 0.05 um,
but less than or equal to about 0.3 um. However, these
thicknesses are given only by way of example and may

be varied without affecting the polarization stability of

the laser device of the present invention.

The buffer layer in the InGaAsP/InP laser device of
the present invention preferably consists of Ing.s53Gag.-
47As. Ing.s3Gag.47As is the preferred material for use as
the buffer layer material because Ing s3Gag 47As has the
largest thermal expansion coefficient among Inj . yGax.
'AsyPj_j materials; and by controlling lattice-matching
conditions at growth temperature, a thicker misfit dislo-
cation-free Ing53Gag.47As layer can be grown on (100)
InP substrate than other In;_xyGay AsyPy_j layers. K.
Nakajima et al., J. Appl. Phys. 52 4575 (1981). The
stress o'xx at room temperature for a laser at 1.3 um
(y=0.6) grown under perfect lattice-matching condi-
tions at 650° C. is shown in FIG. 4 as a function of the
substrate thickness, d., for several thicknesses of the
Ing53Gagq47As buffer layer, dp. Without the buffer
layer, the structure reduces to the typical conventional
InGaAsP/InP structure shown in FIG. 1(a@). FIG. 4
shows that if the typical conventional InGaAsP/InP
structure i1s grown stress-free at the growth tempera-
ture, a large tensile stress, almost independent of the
substrate thickness, always exists in the active layer.
When a buffer layer of reasonable thickness is intro-
duced, it is possible to optimize the substrate thickness,
for example, by thinning, so that the active layer of the
laser device is stress-free both at the growth tempera-
ture and at room temperature. FIG. 5 illustrates that the
active layer of the structure of the present invention 1s
stress-free at all temperatures in this optimized condi-
tion, which is not possible for a laser structure not hav-
ing a buffer layer sandwiched between the substrate and
first cladding layer. Curve (a) of FIG. 5 shows the
temperature dependence of the active layer stresses for
lasers at 1.3 um (y=0.6) which have the typical conven-
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tional structure. Curve(b) shows the temperature de-
pendence of active layer stresses for lasers at 1.3 um
(y=0.6) which have the InGaAsP/InP structure of the
present invention with a single substrate layer and sin-
gle buffer layer. The active layer of the typical conven-
tion structure of Curve(a) is stress-free only at the 650°
C. growth temperature while the active layer of the
structure of the present invention Curve(b), 1S stress-

free at all temperatures.

The thickness of the buffer layer required to achieve
the stress-free condition in the active layer depends on

the composition of the InGaAsP material in the active
layer and the thickness of the substrate. However, the
requisite buffer layer thickness does not change appre-
ciably when the thicknesses of other layers are changed
within a reasonable range.

A device in accordance with the present invention
could have, for example, a cap layer with a thickness, d,,
of =1 um; an active layer with a thickness, dg, of 0.2
um; a first cladding layer with a thickness, dc1, of 1 pm;
and a second cladding layer with a thickness, d¢, of 1
L.

Therefore, the results obtained from calculations for
the laser devices of the present invention as illustrated
in FIGS. 3(a) and 3(b) can be used as general guidelines
for the optimal design of stress-free structures. The
calculated active layer stress, o xx for the laser structure
of the present invention at A=1.30 pm (y=0.6) 1s
shown in FIG. 6 as a function of the thickness, dp, of the
buffer layer for various substrate thicknesses. FIGS. 7
and 8 show similar plots for lasers at two other wave-
lengths, A=1.08 um (y=0.3) and A=1.55 pm (y=0.9),
respectively. The buffer layer material in the devices
represented by FIGS. 6-8 is Ing 53Gag.47As. It 1s possi-
ble to determine from the plots of FIGS. 6 through 8 the
relationship of the optimal buffer layer thickness dpand
substrate thickness d; for stress-free structures at these
three laser wavelengths. For laser wavelengths other
than 1.08 um, 1.30 um, and 1.55 pm or structures using
different buffer layer compositions, optimum thick-
nesses for dpand dgcan be calculated in a similar fashion.

In FIG. 9, curve (a) shows the dp —dsrelationship for
a stress-free laser device in accordance with the present
invention employing Ing.53Gag.47As as the buffer layer
material at A=1.30 um. Curve (b) shows the dp—d;
relationship for a stress-free laser device m accordance
with the present invention which uses Ing 53Gag.47As as
the buffer material at A=1.08 um. Curve (c) shows the
dp—d, relationship for a stress-free laser device of the
present invention which utilizes Ings3Inps47As as the
buffer layer material at A=1.55 pm. Curve (d) shows
the dp—d; relationship for a stress-free laser device in
accordance with the present invention using Ing 74Gag.-
26A80.60P0.40 as the buffer layer material at A=1.30 um.
The device represented by curve (d) of FIG. 9 has a
buffer layer consisting of the same material as the Ing 7.
4Gag.26As0.60P0.40 active layer. FIG. 9 shows the opti-
mal dp=d,relationships with a tolerance of o xy= 107
dyn/cm?. It is clear from FIG. 9 that it is not difficult to
control o, within =107 dyn/cm? since the tolerances
for dp and d; to meet this condition are quite large.
Notice that a stress of 107 dyn/cm? corresponds to a
negligible lattice deformation of 24/a= —10—> which is
far below the amount of lattice deformation that pro-
motes the TM emission. See U.S. patent application Ser.
No. 683,776 entitled, ‘“‘Fast Polarizaiton-Swiichable
Semiconductor Lasers” by Liu and Chen, filed concur-
rently herewith.
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A comparison of curves (a) and (d) of FIG. 9 indi-

cates that for a given substrate thickness, a thinner Ing s.
3Gag.47As buffer layer is needed to achieve the stress-
free condition than is needed for a buffer In,Gaj_,.
ASyP1_y wherein ys=1. Inps53Gap47As is the preferred
buffer layer material since the growth of a very thick
misfit dislocation-free InyGaj_xAsyP1, layer on the
InP substrate is known to give rise to some practical
difficulties.

FIG. 9 also shows that for lasers operating at longer
wavelengths, a thicker buffer layer is needed for a given
substrate thickness. In practice, it may be difficult to

10

grow misfit dislocation-free Ings3Gag47As layers

thicker than 15 pm on an InP substrate. Where an In-
(GaAs layer thicker than 15 um is indicated, the sub-
strate should be thinned down sufficiently to conform
to the stress-free dp—d; relationship. In those instances
in which a very thin substrate is not desirable, the alter-
nating-layer structure shown in FIG. 3(b) can be used to
circumvent the probilem. In this structure, alternating
Ing.53Gap47As and InP layers of practical thicknesses
can be grown and the InP substrate can be thinned
afterward. For the purpose of calculating the stress in
the active layer, the total of the thicknesses of the indi-
vidual InGaAs buffer layers is equivalent to dp and the
total of the individual InP substrate layers is d;. By
defining ds and d; for the alternating structure design in

this manner, FIG. 9 can be used for optimal design of

the structure.

While there has been shown and described what are
considered preferred embodiments of the present inven-
- tion, it will be obvious to those skilled in the art that
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vartous changes and modifications may be made therein
without departing from the invention as defined by the
appended claims.

What is claimed is:

1. A semiconductor laser device comprising:

a support structure having one or more substrate
layers and one or more buffer layers, said support
structure containing an equal number of substrate
layers and buffer layers, said substrate layers con-
sisting of InP, and said buffer layers consisting of
In) —x»GayAsyPi_p with x'~0.47y’ and O<y'=1,
one of said substrate layers providing the lower
surface of said semiconductor laser device and one
of said buffer layers providing the upper surface of
said support structure;

a first cladding layer of InP formed on said upper
surface of said support structure;

an active layer formed on said first cladding layer,
said active layer consisting of Inj_xGayAs,P;_ y
with x=~0.47y and y=y'=1, y>0:

a second cladding layer of InP formed on said active
layer; and

a cap layer of Inj_xGaxAs,Pj .., with x"'~0.47y" and
O<y"=1 formed on said second cladding layer;

wherein said buffer layers, said first cladding layer, said
active layer, said second cladding layer, and said cap
layer are substantially perfectly lattice-matched with
said substrate layers at the growth temperature.

2. A semiconductor laser device in accordance with

claim 1 wherein said buffer layers consist of Ing 53Gag.

47AS.
% ¥ % * *
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